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Abstract
We explore the phenomenological implications on charged lepton flavor violating
(LFV) processes from slepton flavor mixing within the Minimal Supersymmetric Stan-
dard Model. We work under the model-independent hypothesis of general flavor mix-
ing in the slepton sector, being parametrized by a complete set of dimensionless δABij
(A,B = L,R; i, j = 1, 2, 3, i 6= j) parameters. The present upper bounds on the most
relevant LFV processes, together with the requirement of compatibility in the choice
of the MSSM parameters with the recent LHC and (g − 2)µ data, lead to updated
constraints on all slepton flavor mixing parameters. A comparative discussion of the
most effective LFV processes to constrain the various generation mixings is included.
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1 Introduction
Lepton Flavor Violating (LFV) processes provide one of the most challenging probes to
physics beyond the Standard Model (SM) of particle physics, and in particular to new
physics involving non-vanishing flavor mixing between the three generations. Within the
SM, all interactions preserve Lepton Flavor number and therefore the SM predicts zero
rates for all these LFV processes to all orders in perturbation theory. When extending
the SM to include neutrino masses and neutrino mixings in agreement with the observed
experimental values [1], LFV processes with external charged leptons of different generations
can then occur via one-loop diagrams with neutrinos in the internal propagators, but the
predicted rates are extremely tiny, far from being ever reachable experimentally, due to the
small masses of the neutrinos. Therefore, a potential future measurement of any of these
(charged) LFV processes will be a clear signal of new physics and will provide interesting
information on the involved flavor mixing, as well as on the underlying origin for this mixing
(for a review see, for instance, [2]).
Within the Minimal Superymetric Standard Model (MSSM) [3, 4], there are clear can-
didates to produce flavor mixings with important phenomenological implications on LFV
processes. The possible presence of soft Supersymmetry (SUSY)-breaking parameters in the
slepton sector, which are off-diagonal in flavor space (mass parameters as well as trilinear
couplings) are the most general way to introduce slepton flavor mixing within the MSSM.
The off-diagonality in the slepton mass matrix reflects the misalignment (in flavor space) be-
tween leptons and sleptons mass matrices, that cannot be diagonalized simultaneously. This
misalignment can be produced from various origins. For instance, under the hypothesis of
non-negligible neutrino Yukawa couplings, as it happens in Seesaw models with three heavy
right handed neutrinos and their SUSY partners, these off-diagonal slepton mass matrix en-
tries can be generated by Renormalization Group Equations (RGE) running from the high
energies, where the heavy right-handed neutrinos are active, down to the low energies where
the LFV processes are explored [5, 6]. The phenomenological implications of large neutrino
Yukawa couplings on LFV processes within the context of SUSY-Seesaw Models have been
studied exhaustively in the literature, and the absence of experimental LFV signals sets
stringent bounds on the parameters of these models [6–22].
In this work we will not investigate the possible dynamical origin of this slepton-lepton
misalignment, nor the particular predictions for the off-diagonal slepton soft SUSY-breaking
mass terms in specific SUSY models, but instead we parametrize the general non-diagonal
entries in the slepton mass matrices in terms of generic soft SUSY-breaking terms, and we
explore here their phenomenological implications on LFV physics. In particular, we explore
the consequences of these general slepton mass matrices that can produce, via radiative loop
corrections, important contributions to the rates of the LFV processes [6,23]. Specifically, we
parametrize the non-diagonal slepton mass matrix entries in terms of a complete set of generic
dimensionless parameters, δABij (A,B = L,R; i, j = 1, 2, 3) where L,R refer to the “left-”
and “right-handed” SUSY partners of the corresponding leptonic degrees of freedom and i, j
(i 6= j) are the involved generation indexes. With this model-independent parametrization
of general slepton flavor mixing we explore the sensitivity to the various δABij ’s in different
LFV processes and analyze comparatively which processes are the most competitive ones.
Previous studies of general slepton mixing within the MSSM have already set upper bounds
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for the values of these δABij ’s that can be extracted from some selected experimental LFV
searches (for a review see, for instance, [24]). Some of these studies focus on the LFV
radiative decays [25], µ → eγ, τ → eγ and τ → µγ, here denoted collectively as lj → liγ,
and others also take into account the leptonic LFV three body decays, µ → 3e, τ → 3e
and τ → 3µ, referred together here as lj → 3li, as well as the muon to electron conversion
in heavy nuclei [26]. There are also some studies that focus on the chirally-enhanced loop
corrections that are induced in the MSSM in presence of general sources of lepton flavor
violation [27, 28].
One main aspect in this work is to update these studies of general flavor mixing in the
slepton sector of the MSSM, and to find new constraints to the full set of δABij ’s mixing
parameters in the light of recent data, both on the most relevant LFV processes [29–35] and
also in view of the collected data at LHC [36–38], which has provided very important infor-
mation and constraints for the MSSM, including the absence of SUSY particle experimental
signals and the discovery of a Higgs boson with a mass close to 125 − 126 GeV. We work
consistently in MSSM scenarios that are compatible with LHC data. In particular the ana-
lyzed scenarios have relatively heavy SUSY spectra, which are naturally in agreement with
the present MSSM particle mass bounds (although substantially lower masses, especially
in the electroweak sector, are allowed by LHC data). Furthermore the analyzed scenarios
are chosen such that the light CP-even MSSM Higgs mass is around 125 − 126 GeV and
thus in agreement with the recent Higgs boson discovery [37]. In addition we require that
our selected MSSM scenarios give a prediction for the muon anomalous magnetic moment,
(g − 2)µ, in agreement with current data [39].
We present here a complete one-loop numerical analysis of the most relevant LFV pro-
cesses, including the three lj → liγ radiative decays, the three lj → 3li leptonic decays, the
muon to electron conversion rates in heavy nuclei, and the two most promissing semileptonic
LFV tau decays, τ → µη and τ → eη. Although the radiative decays are usually the most
constraining LFV processes, the leptonic and semileptonic decays are also of interest because
they can be mediated by the MSSM Higgs bosons, therefore giving access to the Higgs sec-
tor parameters and, presumably, with different sensitivities to the various δABij ’s than those
involved in the radiative decays. From this complete one-loop analysis and the requirement
of compatibility with LFV searches, with LHC data and with (g − 2)µ data, we derive the
general behavior of the constraints on the δABij ’s.
The paper is organized as follows: first we review the main features of the MSSM with
general slepton flavor mixing and set the relevant notation for the δABij ’s in Sect. 2. The
selection of specific LFV processes and MSSM scenarios that we work with here are presented
in Sect. 3. A summary on the present experimental bounds on LFV, that will be used in our
analysis are also included in this section. Sect. 4 contains the main results of our numerical
analysis and present the new constraints found on the δABij ’s. Our conclusions are finally
summarized in Sect. 5.
2 The MSSM with general slepton flavor mixing
We work in SUSY scenarios with the same particle content as the MSSM, but with general
flavor mixing in the slepton sector. Within these scenarios, besides the tiny lepton flavor
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violation induced by the PMNS matrix of the neutrino sector and transmitted by the tiny
neutrino Yukawa couplings which we ignore here, this flavor mixing in the slepton sector is
the main generator of LFV processes. The most general hypothesis for flavor mixing in the
slepton sector assumes a mass matrix that is not diagonal in flavor space, both for charged
sleptons and sneutrinos. In the charged slepton sector we have a 6 × 6 mass matrix, since
there are six electroweak interaction eigenstates, l˜L,R with l = e, µ, τ . For the sneutrinos we
have a 3×3 mass matrix, since within the MSSM we have only three electroweak interaction
eigenstates, ν˜L with ν = νe, νµ, ντ .
The non-diagonal entries in this 6×6 general matrix for charged sleptons can be described
in a model-independent way in terms of a set of dimensionless parameters δABij (A,B = L,R;
i, j = 1, 2, 3, i 6= j), where L,R refer to the “left-” and “right-handed” SUSY partners of the
corresponding leptonic degrees of freedom, and i, j indexes run over the three generations.
These scenarios with general sfermion flavor mixing lead generally to larger LFV rates than in
the so-called Minimal Flavor Violation Scenarios, where the mixing is induced exclusively by
the Yukawa coupling of the corresponding fermion sector. This is true for both squarks and
sleptons but it is obviously of special interest in the slepton case due to the extremely small
size of the lepton Yukawa couplings, suppressing LFV processes from this origin. Hence, in
the present case of slepton mixing, we assume that the δABij ’s provide the unique origin of
LFV processes with potentially measurable rates.
One usually starts with the non-diagonal 6 × 6 slepton squared mass matrix referred to
the electroweak interaction basis, that we order here as (e˜L, µ˜L, τ˜L, e˜R, µ˜R, τ˜R), and write this
matrix in terms of left- and right-handed blocksM2
l˜ AB
(A,B = L,R), which are non-diagonal
3× 3 matrices,
M2
l˜
=
(
M2
l˜ LL
M2
l˜ LR
M2 †
l˜ LR
M2
l˜ RR
)
, (1)
where:
M2
l˜ LL ij
=m2
L˜ ij
+
(
m2li + (−
1
2
+ sin2 θW )M
2
Z cos 2β
)
δij ,
M2
l˜ RR ij
=m2
E˜ ij
+
(
m2li − sin
2 θWM
2
Z cos 2β
)
δij ,
M2
l˜ LR ij
=v1A
l
ij −mliµ tanβ δij , (2)
with flavor indexes i, j = 1, 2, 3 corresponding to the first, second and third generation
respectively; θW is the weak angle; MZ is the Z gauge boson mass, and (ml1 , ml2, ml3) =
(me, mµ, mτ ) are the lepton masses; tan β = v2/v1 with v1 = 〈H
0
1〉 and v2 = 〈H
0
2〉 being the
two vacuum expectation values of the corresponding neutral Higgs boson in the Higgs SU(2)
doublets, H1 = (H
0
1 H
−
1 ) and H2 = (H
+
2 H
0
2); µ is the usual Higgsino mass term. It should
be noted that the non-diagonality in flavor comes exclusively from the soft SUSY-breaking
parameters, that could be non-vanishing for i 6= j, namely: the masses mL˜ ij for the slepton
SU(2) doublets, (ν˜Li l˜Li), the masses mE˜ ij for the slepton SU(2) singlets, (l˜Ri), and the
trilinear couplings, Alij.
In the sneutrino sector there is, correspondingly, a one-block 3 × 3 mass matrix, that is
referred to the (ν˜eL, ν˜µL, ν˜τL) electroweak interaction basis:
M2ν˜ =
(
M2ν˜ LL
)
, (3)
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where:
M2ν˜ LL ij = m
2
L˜ ij
+
(
1
2
M2Z cos 2β
)
δij, (4)
It should also be noted that, due to SU(2)L gauge invariance the same soft masses mL˜ ij
enter in both the slepton and sneutrino LL mass matrices. If neutrino masses and neutrino
flavor mixings (oscillations) were taken into account, the soft SUSY-breaking parameters for
the sneutrinos would differ from the corresponding ones for charged sleptons by a rotation
with the PMNS matrix. However, taking the neutrino masses and oscillations into account
in the SM leads to LFV effects that are extremelly small. For instance, in µ→ eγ they are
of O(10−47) in case of Dirac neutrinos with mass around 1 eV and maximal mixing [2, 40],
and of O(10−40) in case of Majorana neutrinos [2,41]. Consequently we do not expect large
effects from the inclusion of neutrino mass effects here. The general slepton flavor mixing
is introduced via the non-diagonal terms in the soft breaking slepton mass matrices and
trilinear coupling matrices, which are defined here as:
m2
L˜
=


m2
L˜1
δLL12 mL˜1mL˜2 δ
LL
13 mL˜1mL˜3
δLL21 mL˜2mL˜1 m
2
L˜2
δLL23 mL˜2mL˜3
δLL31 mL˜3mL˜1 δ
LL
32 mL˜3mL˜2 m
2
L˜3

 (5)
v1A
l =

 meAe δLR12 mL˜1mE˜2 δLR13 mL˜1mE˜3δLR21 mL˜2mE˜1 mµAµ δLR23 mL˜2mE˜3
δLR31 mL˜3mE˜1 δ
LR
32 mL˜3mE˜2 mτAτ

 (6)
m2
E˜
=


m2
E˜1
δRR12 mE˜1mE˜2 δ
RR
13 mE˜1mE˜3
δRR21 mE˜2mE˜1 m
2
E˜2
δRR23 mE˜2mE˜3
δRR31 mE˜3mE˜1 δ
RR
32 mE˜3mE˜2 m
2
E˜3

 (7)
In all this work, for simplicity, we are assuming that all δABij parameters are real, therefore,
hermiticity of M2
l˜
and M2ν˜ implies δ
AB
ij = δ
BA
ji . Besides, in order to avoid extremely large
off-diagonal matrix entries we restrict ourselves to |δABij | ≤ 1. It is worth to have in mind
for the rest of this work, that our parametrization of the off-diagonal in flavor space entries
in the above mass matrices is purely phenomenological and does not rely on any specific
assumption on the origin of the MSSM soft mass parameters. In particular, it should be
noted that our parametrization for the LR and RL squared mass entries connecting different
generations (i.e. for i 6= j) assumes a similar generic form as for the LL and RR entries.
For instance, M2
l˜ LR 23
= δLR23 mL˜2mE˜3 . This implies that our hypothesis for the trilinear off-
diagonal couplings Alij with i 6= j (as derived from Eq.(6)) is one among other possible
definitions considered in the literature. In particular, it is related to the usual assumption
M2
l˜ LR ij
∼ v1MSUSY by setting A
l
ij ∼ O(MSUSY), where v
2 = v21 + v
2
2 and MSUSY is a typical
SUSY mass scale, as it is done for instance in Ref. [28].
The next step is to rotate the sleptons and sneutrinos from the electroweak interaction
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basis to the physical mass eigenstate basis,

l˜1
l˜2
l˜3
l˜4
l˜5
l˜6


= Rl˜


e˜L
µ˜L
τ˜L
e˜R
µ˜R
τ˜R


,

 ν˜1ν˜2
ν˜3

 = Rν˜

 ν˜eLν˜µL
ν˜τL

 , (8)
with Rl˜ and Rν˜ being the respective 6× 6 and 3× 3 unitary rotating matrices that yield the
diagonal mass-squared matrices as follows,
diag{m2
l˜1
, m2
l˜2
, m2
l˜3
, m2
l˜4
, m2
l˜5
, m2
l˜6
} = Rl˜ M2
l˜
Rl˜† , (9)
diag{m2ν˜1 , m
2
ν˜2
, m2ν˜3} = R
ν˜ M2ν˜ R
ν˜† . (10)
The physics must not depend on the ordering of the masses. However, in our numerical
analysis we work with mass ordered states, ml˜i ≤ ml˜j for i < j and mν˜k ≤ mν˜l for k < l.
3 Selection of LFV processes and MSSM parameters
The general slepton flavor mixing introduced above produce interactions among mass eigen-
states of different generations, therefore changing flavor. In the physical basis for leptons
li (i = 1, 2, 3), sleptons l˜X (X = 1, .., 6), sneutrinos ν˜X (X = 1, 2, 3), neutralinos χ˜
0
A
(A = 1, 2, 3, 4), charginos χ˜±A (A = 1, 2) and Higgs bosons, Hp (p = 1, 2, 3) = h
0, H0, A0, one
gets generically non-vanishing couplings for intergenerational interactions like, for instance:
χ˜0Alil˜X , χ˜
±
Aliν˜X , Zl˜X l˜Y , Hp l˜X l˜Y andHpν˜X ν˜Y . When these interactions appear in loop-induced
processes they can then mediate LFV processes involving leptons of different flavors li and
lj, with i 6= j, in the external states. The dependence of the LFV rates for these processes
on the previously introduced δABij parameters then appears both in the values of the physical
slepton and sneutrino masses, and in the values of these intergenerational couplings via the
rotation matrices Rl˜ and Rν˜ . For the present work, we use the set of Feynman rules for these
and other relevant couplings among mass eigenstates, as summarized in Refs. [15, 17].
3.1 Selected LFV processes
Our selection of LFV processes is driven by the requirement that we wish to determine
the constraints on all the slepton flavor mixing parameters by studying different kinds of
one-loop LFV vertices involving li and lj with i 6= j in the external lines. In particular
we want to study the sensitivity to the δABij ’s in the most relevant (three-point) LFV one-
loop vertices, which are: the vertex with a photon, (liljγ)1−loop, the vertex with a Z gauge
boson, (liljZ)1−loop and the vertices with the Higgs bosons, (liljh
0)1−loop, (liljH
0)1−loop and
(liljA
0)1−loop. This leads us to single out some specific LFV processes where these one-loop
generated LFV vertices play a relevant role. We have chosen the following subset of LFV
processes, all together involving these particular LFV one-loop vertices:
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1.- Radiative LFV decays: µ→ eγ, τ → eγ and τ → µγ. These are sensitive to the δABij ’s
via the (liljγ)1−loop vertices with a real photon.
2.- Leptonic LFV decays: µ → 3e, τ → 3e and τ → 3µ. These are sensitive to the δABij ’s
via the (liljγ)1−loop vertices with a virtual photon, via the (liljZ)1−loop vertices with
a virtual Z, and via the (liljh
0)1−loop, (liljH
0)1−loop and (liljA
0)1−loop vertices with
virtual Higgs bosons.
3.- Semileptonic LFV tau decays: τ → µη and τ → eη. These are sensitive to the δABij ’s
via (τµA0)1−loop and (τeA
0)1−loop vertices, respectively, with a virtual A
0, and via
(τµZ)1−loop and (τeZ)1−loop vertices, respectively with a virtual Z.
4.- Conversion of µ into e in heavy nuclei: These are sensitive to the δABij ’s via the
(µeγ)1−loop vertex with a virtual photon, via the (µeZ)1−loop vertex with a virtual
Z, and via the (µeh0)1−loop and (µeH
0)1−loop vertices with a virtual h
0 and H0 Higgs
boson, respectively.
The generic one-loop diagrams contributing to all the LFV processes above, are summa-
rized in Fig.1. These include the γ-mediated diagrams, the Z-mediated diagrams, and the
h0, H0 and A0-mediated diagrams. The generic one-loop box diagrams are also shown in
this figure. These also include the δABij ’s but their sensitivities to these parameters are much
lower than via the above quoted three-point vertices. They are, however, included in our
analytical results and in our numerical evaluation.
For our forthcoming numerical analysis of these LFV processes we have implemented
the full one-loop formulas into our private Fortran code. The analytical results are taken
from various publications (with one of the authors as co-author): Ref. [15] for BR(lj → 3li)
and BR(lj → liγ), Ref. [18] for BR(τ → µη) and BR(τ → eη), and Ref. [17] for the µ − e
conversion rate in heavy nuclei, relative to the muon capture rate CR(µ−e,Nuclei). Following
the same procedure of [18] we use Chiral Perturbation Theory for the needed hadronization
of quark bilinears involved in the quark-level τ → µqq′ and τ → eqq′ decays that lead the η
particle in the final state. Our treatment of the heavy nuclei and the proper approximations
to go from the LFV amplitudes at the parton level to the LFV rates at the nuclear level
are described in [17]. For brevity, we omit to explicit here all these needed formulas for the
computation of the LFV rates and refer the reader to the above quoted references for the
details.
The list of specific one-loop diagrams contributing to the relevant (liljγ)1−loop, (liljZ)1−loop
(liljh
0)1−loop, (liljH
0)1−loop and (liljA
0)1−loop vertices can also be found in Refs. [15, 17].
The main contributions come from the loops with charginos/sneutrinos and with neutrali-
nos/sleptons. This will be relevant for the analytical interpretation of our results below.
3.2 The MIA basic reference formulas
For completeness, and in order to get a better understanding of the forthcoming full one-loop
results leading to the maximal allowed deltas and their behavior with the relevant MSSM
parameters, we include in this section the main formulas for the LFV radiative decays within
the Mass Insertion Approximation (MIA) that we take from Ref. [26]. These are simple
6
γlj
li
γ
li
lj
li
li
Z
li
lj
li
li
Hp
li
lj
li
li
li
lj
li
li
A0
η
τ
µ, e
Z
η
τ
µ, e
γ
q
µ
q
e
Z
q
µ
q
e
Hp
q
µ
q
e
q
µ
q
e
Figure 1: Generic one-loop diagrams contributing to LFV processes: 1) lj → liγ; 2) lj → 3li,
mediated by γ and Z gauge bosons, by Hp = h
0, H0, A0 Higgs bosons and by boxes; 3)
τ → µη and τ → eη, mediated by A0 Higgs boson and by Z gauge boson; 4) µ−e conversion
in nuclei, mediated by γ, and Z gauge bosons, by Hp = h
0, H0 Higgs bosons, and by boxes.
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formulas and illustrate clearly the qualitative behavior of the LFV rates with all the deltas
and all the MSSM parameters. The branching ratios of the radiative lj → liγ decays, with
ji = 21, 31 and 32, are:
BR(lj → liγ) =
α
4
(
m5lj
Γlj
)
(
|(ALij)|
2 + |(ARij)|
2
)
(11)
where Γlj is the total lj width, and the amplitudes, in the single delta insertion approxima-
tion, are given by [26]:
(ALij)MIA =
α2
4pi
∆LLij
[
f1n(aL2) + f1c(aL2)
m4
L˜
+
µM2 tanβ
(M22 − µ
2)
(f2n(aL2, bL) + f2c(aL2, bL))
m4
L˜
]
+
α1
4pi
∆LLij
[
f1n(aL)
m4
L˜
+ µM1 tan β
(
−f2n(aL, bL)
m4
L˜
(M21 − µ
2)
+
2f2n(aL)
m4
L˜
(m2
R˜
−m2
L˜
)
)]
+
α1
4pi
∆LLij
[
µM1 tanβ
(m2
R˜
−m2
L˜
)2
(
f3n(aR)
m2
R˜
−
f3n(aL)
m2
L˜
)]
+
α1
4pi
∆LRij
[
1
(m2
L˜
−m2
R˜
)
(
M1
mlj
)(
f3n(aR)
m2
R˜
−
f3n(aL)
m2
L˜
)]
(12)
and
(ARij)MIA =
α1
4pi
∆RRij
[
4f1n(aR)
m4
R˜
+ µM1 tan β
(
2f2n(aR, bR)
m4
R˜
(M21 − µ
2)
+
2f2n(aR)
m4
R˜
(m2
L˜
−m2
R˜
)
)]
+
α1
4pi
∆RRij
[
µM1 tan β
(m2
L˜
−m2
R˜
)2
(
f3n(aL)
m2
L˜
−
f3n(aR)
m2
R˜
)]
+
α1
4pi
∆RLij
[
1
(m2
R˜
−m2
L˜
)
(
M1
mlj
)(
f3n(aL)
m2
L˜
−
f3n(aR)
m2
R˜
)]
, (13)
where α1 = (5/3)(α/ cos
2 θW ), α2 = (α/ sin
2 θW ), aL2 = M
2
2 /m
2
L˜
, aL = M
2
1 /m
2
L˜
, aR =
M21 /m
2
R˜
, bL = µ
2/m2
L˜
, bR = µ
2/m2
R˜
, ∆ABij = δ
AB
ij mA˜mB˜ and mL˜ and mR˜ are the average
slepton masses in the L˜ and R˜ slepton sectors, respectively. The M1 and M2 are the soft
SUSY-breaking parameters in the U(1) and SU(2) gaugino sector, respectively. The fin’s
and fic’s are loop functions from neutralinos and charginos contributions, respectively, given
by:
f1n(a) =
−17a3 + 9a2 + 9a− 1 + 6a2(a+ 3) ln a
24(1− a)5
,
f2n(a) =
−5a2 + 4a+ 1 + 2a(a + 2) ln a
4(1− a)4
,
f3n(a) =
1 + 2a ln a− a2
2(1− a)3
,
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f1c(a) =
−a3 − 9a2 + 9a+ 1 + 6a(a+ 1) ln a
6(1− a)5
,
f2c(a) =
−a2 − 4a+ 5 + 2(2a+ 1) ln a
2(1− a)4
,
f2n(a, b) = f2n(a)− f2n(b) ,
f2c(a, b) = f2c(a)− f2c(b) . (14)
It is also very illustrative to compare the forthcoming results with those of the MIA for the
case of equal mass scales, mL˜ = mR˜ = µ = M2 =M1 ≡ mS. From the previous formulas we
get:
(ALij)MIA =
α2
4pi
δLLij
[
1
240
1
m2S
+ tanβ
1
15
1
m2S
]
+
α1
4pi
δLLij
[
−1
80
1
m2S
+ tanβ
1
12
1
m2S
]
+
α1
4pi
δLRij
[
1
mSmlj
]
(15)
and
(ARij)MIA =
α1
4pi
δRRij
[
−1
20
1
m2S
− tan β
1
60
1
m2S
]
+
α1
4pi
δRLij
[
1
mSmlj
]
. (16)
In all these basic MIA formulas one can see clearly the scaling of the BRs with all the deltas,
in the single mass insertion approximation, and with the most relevant parameters for the
present study, namely, the common/average SUSY mass mS , and tanβ. These formulas will
be used below in the interpretation of the full numerical results.
3.3 Experimental bounds on LFV
So far, LFV has not been observed. The best present (90% CL) experimental bounds on the
previously selected LFV processes are summarized in the following:
BR(µ→ eγ) < 5.7× 10−13 [29]
BR(τ → µγ) < 4.4× 10−8 [30]
BR(τ → eγ) < 3.3× 10−8 [30]
BR(µ→ eee) < 1.0× 10−12 [32]
BR(τ → µµµ) < 2.1× 10−8 [33]
BR(τ → eee) < 2.7× 10−8 [33]
CR(µ− e,Au) < 7.0× 10−13 [31]
BR(τ → µη) < 2.3× 10−8 [34]
BR(τ → eη) < 4.4× 10−8 [34] (17)
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At present, the most constraining bounds are from BR(µ → eγ), which has been just im-
proved by the MEG collaboration, and from CR(µ − e,Au), both being at the O(10−13)
level. Therefore, the 12 slepton mixings are by far the most constrained ones. All these nine
upper bounds above will be applied next to extract the maximum allowed |δABij | values.
3.4 MSSM scenarios
Regarding our choice of MSSM parameters for our forthcoming numerical analysis of the
LFV processes, we have proceeded within two frameworks, both compatible with present
data, that we describe in the following.
3.4.1 Framework 1
In the first framework, we have selected six specific points in the MSSM parameter space,
S1, ..., S6, as examples of points that are allowed by present data, including recent LHC
searches and the measurements of the muon anomalous magnetic moment. In Tab. 1 the
values of the various MSSM parameters as well as the values of the predicted MSSM mass
spectra are summarized. They were evaluated with the program FeynHiggs [42]. For sim-
plicity, and to reduce the number of independent MSSM input parameters we have assumed
equal soft masses for the sleptons of the first and second generations (similarly for the
squarks), equal soft masses for the left and right slepton sectors (similarly for the squarks,
where Q˜ denotes the the “left-handed” squark sector, whereas U˜ and D˜ denote the up- and
down-type parts of the “right-handed” squark sector) and also equal trilinear couplings for
the stop, At, and sbottom squarks, Ab. In the slepton sector we just consider the stau tri-
linear coupling, Aτ . The other trilinear sfermion couplings are set to zero value. Regarding
the soft SUSY-breaking parameters for the gaugino masses, Mi (i = 1, 2, 3), we assume an
approximate GUT relation. The pseudoscalar Higgs mass MA, and the µ parameter are also
taken as independent input parameters. In summary, the six points S1, .., S6 are defined in
terms of the following subset of ten input MSSM parameters:
mL˜1 = mL˜2 ; mL˜3 (with mL˜i = mE˜i , i = 1, 2, 3)
mQ˜1 = mQ˜2 ; mQ˜3 (with mQ˜i = mU˜i = mD˜i , i = 1, 2, 3)
At = Ab ; Aτ
M2 = 2M1 = M3/4 ; µ
MA ; tanβ (18)
The specific values of these ten MSSM parameters in Tab. 1, to be used in the forthcoming
analysis of LFV, are chosen to provide different patterns in the various sparticle masses, but
all leading to rather heavy spectra, thus they are naturally in agreement with the absence
of SUSY signals at LHC. In particular all points lead to rather heavy squarks and gluinos
above 1200 GeV and heavy sleptons above 500 GeV (where the LHC limits would also permit
substantially lighter scalar leptons). The values of MA within the interval (500, 1500) GeV,
tanβ within the interval (10, 50) and a large At within (1000, 2500) GeV are fixed such
10
S1 S2 S3 S4 S5 S6
mL˜1,2 500 750 1000 800 500 1500
mL˜3 500 750 1000 500 500 1500
M2 500 500 500 500 750 300
Aτ 500 750 1000 500 0 1500
µ 400 400 400 400 800 300
tanβ 20 30 50 40 10 40
MA 500 1000 1000 1000 1000 1500
mQ˜1,2 2000 2000 2000 2000 2500 1500
mQ˜3 2000 2000 2000 500 2500 1500
At 2300 2300 2300 1000 2500 1500
ml˜1 −ml˜6 489-515 738-765 984-1018 474-802 488-516 1494-1507
mν˜1 −mν˜3 496 747 998 496-797 496 1499
mχ˜±
1
−mχ˜±
2
375-531 376-530 377-530 377-530 710-844 247-363
mχ˜0
1
−mχ˜0
4
244-531 245-531 245-530 245-530 373-844 145-363
Mh 126.6 127.0 127.3 123.1 123.8 125.1
MH 500 1000 999 1001 1000 1499
MA 500 1000 1000 1000 1000 1500
MH± 507 1003 1003 1005 1003 1502
mu˜1 −mu˜6 1909-2100 1909-2100 1908-2100 336-2000 2423-2585 1423-1589
md˜1 −md˜6 1997-2004 1994-2007 1990-2011 474-2001 2498-2503 1492-1509
mg˜ 2000 2000 2000 2000 3000 1200
Table 1: Selected points in the MSSM parameter space (upper part) and their corresponding
spectra (lower part). All mass parameters and trilinear couplings are given in GeV.
that a light Higgs boson h0 within the LHC-favoured range (123, 127) GeV is obtained1.
It should also be noted that the large chosen values of MA ≥ 500 GeV place the Higgs
sector of our scenarios in the so called decoupling regime [4], where the couplings of h0 to
gauge bosons and fermions are close to the SM Higgs couplings, and the heavy H0 couples
like the pseudoscalar A0, and all heavy Higgs bosons are close in mass. Increasing MA the
heavy Higgs bosons tend to decouple from low energy physics and the light h0 behaves like
HSM. This type of MSSM Higgs sector seems to be in good agreement with recent LHC
data [37, 38]. We have checked with the code HiggsBounds [43] that the Higgs sector is in
agreement with the LHC searches (where S3 is right “at the border”). Particularly, the so
far absence of gluinos at LHC, forbids too low M3 and, therefore, given the assumed GUT
relation, forbids also a too low M2. Consequently, the values of M2 and µ are fixed as to
get gaugino masses compatible with present LHC bounds. Finally, we have also required
that all our points lead to a prediction of the anomalous magnetic moment of the muon in
the MSSM that can fill the present discrepancy between the Standard Model prediction and
the experimental value. Specifically, we use Refs. [39] and [44] to extract the size of this
1 The uncertainty takes into account experimental uncertainties as well as theoretical uncertainties, where
the latter would permit an even larger interval. However, restricting to the chosen ±2 GeV gives a good
impression of the allowed parameter space.
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discrepancy, see also Ref. [45]:
(g − 2)expµ − (g − 2)
SM
µ = (30.2± 9.0)× 10
−10. (19)
We then require that the SUSY contributions from charginos and neutralinos in the MSSM
to one-loop level, (g − 2)SUSYµ be within the interval defined by 3σ around the central value
in Eq. (19), namely:
(g − 2)SUSYµ ∈ (3.2× 10
−10, 57.2× 10−10) (20)
Our estimate of (g−2)SUSYµ for the six S1, ..S6 points with the code SPHENO [46] is (where
FeynHiggs gives similar results), respectively,
(15.5 (S1), 13.8 (S2), 15.1 (S3), 16.7 (S4), 6.1 (S5), 7.9 (S6)) × 10−10 (21)
which are clearly within the previous allowed interval. The relatively low values are due to
the relatively heavy slepton spectrum that was chosen. However, they are well within the
preferred interval.
3.4.2 Framework 2
In the second framework, several possibilities for the MSSM parameters have been considered,
leading to simple patterns of SUSY masses with specific relations among them and where the
number of input parameters is strongly reduced. As in framework 1 the scenarios selected
in framework 2 lead to predictions of (g−2)µ and Mh that are compatible with present data
over a large part of the parameter space. To simplify the analysis of the upper bounds of
the deltas, we will focus in scenarios where the mass scales that are relevant for the LFV
processes are all set relative to one mass scale, generically called heremSUSY−EW. This implies
setting the slepton soft masses, the gaugino soft masses, M2 and M1 and the µ parameter
in terms of this mSUSY−EW. It should also be noted that these same mass parameters are
the relevant ones for (g − 2)µ. The remaining relevant parameter in both LFV and (g − 2)µ
is tan β, and the analysis below is performed in the (mSUSY−EW, tan β) plane. Our selected
LFV observables to be analized in framework 2 are the radiative lj → liγ decays. As
discussed before, these are expected to be the most constraining ones. On the other hand,
since we are interested in choices of the MSSM parameters that lead to a prediction of Mh
that is compatible with LHC data, we also have to set the corresponding relevant mass
parameters for this observable. These are mainly the squark soft masses and trilinear soft
couplings, with particular relevance of those parameters of the third generation squarks. All
these squark mass scales will be set, in our framework 2, relative to one single mass scale,
mSUSY−QCD. Since we wish to explore a wide range in tan β, from 5 to 60, MA is fixed to
1000 GeV to ensure the agreement with the present bounds in the (tanβ,MA) plane from
LHC searches [38]. Finally, to reduce even further the number of input parameters we will
assume again an approximate GUT relation among the gaugino soft masses, M2 = 2M1 =
M3/4 and the µ parameter will be set equal to M2. Regarding the trilinear couplings, they
will all be set to zero except those of the stop and sbottom sectors, being relevant for Mh,
and that will be simplified to At = Ab. In summary, our scenarios in framework 2 are set in
terms of four input parameters: mSUSY−EW, mSUSY−QCD, M2 and tan β. Generic scenarios in
which the relevant parameters are fixed independently are called “phenomenological MSSM
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scenarios (pMSSM)” in the literature (see, for instance, [47, 48]). We refer to our scenarios
here as “pMSSM-4”, indicating the number of free parameters. These kind of scenarios have
the advantage of reducing considerably the number of input parameters respect to the MSSM
and, consequently, making easier the analysis of their phenomenological implications.
For the forthcoming numerical analysis we consider the following specific pMSSM-4 mass
patterns:
(a)
mL˜ = mE˜ = mSUSY−EW
M2 = mSUSY−EW
mQ˜ = mU˜ = mD˜ = mSUSY−QCD
At = 1.3mSUSY−QCD
mSUSY−QCD = 2mSUSY−EW (22)
(b)
mL˜ = mE˜ = mSUSY−EW
M2 = mSUSY−EW/5
mQ˜ = mU˜ = mD˜ = mSUSY−QCD
At = mSUSY−QCD
mSUSY−QCD = 2mSUSY−EW (23)
(c)
mL˜ = mE˜ = mSUSY−EW
M2 = 300 GeV
mQ˜ = mU˜ = mD˜ = mSUSY−QCD
At = mSUSY−QCD
mSUSY−QCD = mSUSY−EW (24)
(d)
mL˜ = mE˜ = mSUSY−EW
M2 = mSUSY−EW/3
mQ˜ = mU˜ = mD˜ = mSUSY−QCD
At = mSUSY−QCD
mSUSY−QCD = mSUSY−EW (25)
Where we have simplified the notation for the soft sfermion masses, by using mL˜ for mL˜ =
mL˜1 = mL˜2 = mL˜3 , etc. In the forthcoming numerical analysis of the maximum allowed
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values of the deltas within these scenarios, the most relevant parametersmSUSY−EW ≡ mSUSY
and tanβ will be varied within the intervals:
500 GeV ≤ mSUSY ≤ 2500 GeV
5 ≤ tan β ≤ 60 (26)
Due to the particular mass patterns chosen above, scenario (a) will deal with approximately
equally heavy sleptons and charginos/neutralinos and with doubly heavy squarks; same for
scenario (b) but with 1/5 lighter charginos/neutralinos; scenario (c) with equally heavy
sleptons and squarks and charginos/neutralinos close to 300 GeV and scenario (d) with 1/3
lighter charginos/neutralinos. The values of At have been selected to ensure that Mh ∼
125− 126 GeV over large parts of the (mSUSY, tan β) plane.
3.5 Selected δABij mixings
Finally, for our purpose in this paper, we need to select the slepton mixings and to set the
range of values for the explored δABij ’s. First, we work in a complete basis, that is we take
into account the full set of twelve δABij ’s. For simplicity, we will assume real values for these
flavor slepton mixing parameters, therefore we will not have to be concerned with the Lepton
Electric Dipole Moments (EDM). Concretely, the scanned interval in our estimates of LFV
rates will be:
− 1 ≤ δABij ≤ +1 (27)
For each explored non-vanishing single delta, δABij , or pair of deltas, (δ
AB
ij , δ
CD
kl ), the corre-
sponding slepton and sneutrino physical masses, the slepton and sneutrino rotation matrices,
as well as the LFV rates will be numerically computed with our private Fortran code.
4 Results and discussion
4.1 Results in framework 1
The results of our numerical predictions of the branching ratios as functions of the single
deltas δABij , for the various selected LFV processes and for the various scenarios S1 to S6 in
framework 1, are collected in figures 2 through 10, where a comparison with the corresponding
present upper experimental bound is also included, see Sect. 3.3. Figure 2 summarizes the
status of δLL12 , Fig. 3 that of δ
LR
12 , Fig. 4 that of δ
RR
12 . The analyzed experimental results are
from BR(µ→ eγ), BR(µ→ 3e) and CR(µ− e,Nuclei). Figure 5 depicts the results of δLL13 ,
Fig. 6 that of δLR13 , Fig. 7 that of δ
RR
13 . The analyzed experimental results are from BR(τ →
eγ), BR(τ → 3e) and BR(τ → eη). Figure 8 shows the results of δLL23 , Fig. 9 that of δ
LR
23 ,
and Fig. 10 that of δRR23 , where the experimental results are from BR(τ → µγ), BR(τ → 3µ)
and BR(τ → µη). The results for δRLij are indistinguishable from the corresponding ones for
δLRij , and consequently they have been omitted here.
A first look at these plots confirms the well known result that the most stringent bounds
are for the mixings between the the first and the second slepton generations, 12. It is also
evident that the bounds for the mixings between the second and the third slepton generations,
23, are similar to the bounds for the mixings between the first and the third generations, 13,
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Figure 2: LFV rates for µ− e transitions as a function of slepton mixing δLL12 .
and both are much weaker than the bounds on the 12-mixings. As another general result
one can observe that, whereas all the 12-mixings are constrained by the three selected LFV
processes, µ → eγ, µ → 3e and µ − e conversion in heavy (Au) nuclei, the 23-mixings are
not constrained, for the studied points, by the semileptonic tau decay τ → µη. Similarly,
the 13-mixings are not constrained either, by τ → eη. The main reason for this is that
the studied points S1-S6 all have very heavy A0 Higgs bosons, MA = 500 − 1500 GeV and
therefore the decay channel mediated by this A0 is much suppressed, even at large tan β,
where the contribution from A0 to BR(τ → µη) and BR(τ → eη), which is the dominant
one, grows as (tanβ)6 [18, 19]. It should also be noted the appearance of two symmetric
minima in BR(τ → µη) and BR(τ → eη) of figs 10 and 7 respectively, in the scenarios S5,
S1 and S2. A similar feature can also be observed in BR(τ → eη) of fig 6 in scenario S2. For
instance, in S5 these minima in BR(τ → eη) appear at δRR13 ∼ ±0.5. We have checked that
the origin of these minima is due to the competing diagrams mediated by A0 and Z which
give contributions of similar size for tanβ . 30 but with opposite sign , and this produces
strong cancellations in the total rates. Similar comments apply to BR(τ → µη). Another
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Figure 3: LFV rates for µ − e transitions as a function of slepton mixing δLR12 . The corre-
sponding plots for δRL12 , not shown here, are indistinguishable from these.
general result, which confirms the known literature for particular models like SUSY-Seesaw
models [15], is the evident correlation between the BR(lj → 3li) and BR(lj → liγ) rates.
It should be emphasized that we get these correlations in a model independent way and
without the use of any approximation, like the mass insertion approximation or the large
tanβ approximation. Since our computation is full-one loop and has been performed in terms
of physical masses, our findings are valid for any value of tan β and δABij ’s. These correlations,
confirmed in our plots, indicate that the general prediction guided by the photon-dominance
behavior in BR(lj → 3li) indeed works quite well for all the studied δ
AB
ij ’s and all the studied
S1-S6 points. This dominance of the γ-mediated channel in the lj → 3li decays allows to
derive the following simplified relation:
BR(lj → 3li)
BR(lj → liγ)
=
α
3pi
(
log
m2lj
m2li
−
11
4
)
, (28)
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Figure 4: LFV rates for µ− e transitions as a function of slepton mixing δRR12 .
which gives the approximate values of 1
440
, 1
94
and 1
162
for (ljli) = (τµ), (τe) and (µe), re-
spectively. The O(α) suppression in the predicted rates of BR(lj → 3li) versus BR(lj → liγ)
yields, despite the experimental sensitivities to the leptonic decays lj → 3li have improved
considerably in the last years, that the radiative decays lj → liγ are still the most efficient
decay channels in setting constraints to the slepton mixing parameters. This holds for all the
intergenerational mixings, 12, 13 and 23. As discussed in [15], in the context of SUSY, there
could be just a chance of departure from these O(α) reduced ratios if the Higgs-mediated
channels dominate the rates of the leptonic decays, but this does not happen in our S1-S6
scenarios, with rather heavy H0 and A0. We have checked that the contribution from these
Higgs channels are very small and can be safely neglected, a scenario that is favored by the
recent results from the heavy MSSM Higgs boson searches at the LHC [38].
This same behavior can be seen in the comparison between the BR(µ→ eγ) and CR(µ−
e,Nuclei) rates. Again there is an obvious correlation in our plots for these two rates that
can be explained by the same argument as above, namely, the photon-mediated contribution
in µ−e conversion dominates the other contributions, for all the studied cases, and therefore
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Figure 5: LFV rates for τ − e transitions as a function of slepton mixing δLL13
the corresponding rates are suppressed by a O(α) factor respect to the radiative decay rates.
These correlations are clearly seen in all our plots for all the studied δABij ’s and in all S1-S6
scenarios. The relevance of CR(µ − e,Nuclei) as compared to BR(µ → 3e) is given by the
fact that not only the present experimental bound is slightly better, but also that the future
perspectives for the expected sensitivities are clearly more promising in the µ− e conversion
case (see below). In general, as can be seen in our plots, the present bounds for δABij ’s as
obtained from CR(µ− e,Nuclei) and BR(µ→ 3e) are indeed very similar.
In summary, the best bounds that one can infer from our results in figures 2 through 10
come from the radiative lj → liγ decays and we get the maximal allowed values for all |δ
AB
ij |’s
that are collected in Tab. 2 for each of the studied scenarios S1 to S6. They give an overall
idea of the size of the bounds with respect to the latest experimental data. When comparing
the results in this table for the various scenarios, we see that scenario S3 gives the most
stringent constraints to the δLLij and δ
RR
ij mixings, in spite of having rather heavy sleptons
with masses close to 1 TeV. The reason is well understood from the tan β dependence of the
BRs which enhances the rates in the case of LL and/or RR single deltas at large tan β, in
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Figure 6: LFV rates for τ − e transitions as a function of slepton mixing δLR13 . The corre-
sponding plots for δRL13 , not shown here, are indistinguishable from these.
agreement with the simple results of the MIA formulas in Eqs. (15) and (16). Here it should
be noted that within S3 we have tan β = 50, which is the largest considered value in these
S1-S6 scenarios. Something similar happens in S4 with tanβ = 40. In contrast, the most
stringent constraints on the δLRij mixings occur in scenarios S1 and S5. Here it is important
to note that there are not enhancing tanβ factors in the δLRij case. In fact, the contributions
from the δLRij ’s to the most constraining LFV radiative decay rates are tanβ independent,
in agreement again with the MIA simple expectations (see Sect. 3.2). Consequently, the
stringent constraints on δLRi,j in S1 and S5 arise due to the relatively light sleptons in these
scenarios.
So far, we have studied the case where just one mixing delta is allowed to be non-
vanishing. However, it is known in the literature [25, 26] that one can get more stringent or
more lose bounds in some particular cases if, instead, two (or even more) deltas are allowed
to be non-vanishing. In order to study the implications of these scenarios with two deltas,
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Figure 7: LFV rates for τ − e transitions as a function of slepton mixing δRR13 .
we have analyzed the improved bounds on pairs of mixings of the 13 and 23 type which are
at present the less constrained as long each delta is analyzed singly.
First we have looked into the various delta pairings of 23 type, (δAB23 , δ
CD
23 ), and we have
found that some of them lead to interesting interferences in the BR(τ → µγ) rates that can
be either constructive or destructive, depending on the relative delta signs, therefore leading
to either a reduction or an enhancement, respectively, in the maximum allowed delta values
as compared to the one single delta case. More specifically, we have found interferences in
BR(τ → µγ) for the case of non-vanishing (δLR23 , δ
LL
23 ) pairs that are constructive if these
deltas are of equal sign, and destructive if they are of opposite sign. Similarly, we have also
found interferences in BR(τ → µγ) for the case of non-vanishing (δRL23 , δ
RR
23 ) pairs that are
constructive if they are of equal sign, and destructive if they are of opposite sign. However,
in this latter case the size of the interference is very small and does not lead to very relevant
changes with respect to the single delta case. The numerical results for the most interesting
case of (δLR23 , δ
LL
23 ) are shown in Fig. 11. We have analyzed the six previous points, S1 through
S6, and a new point S7 with extremely heavy sleptons and whose relevant parameters for
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Figure 8: LFV rates for τ − µ transitions as a function of slepton mixing δLL23 .
this analysis of the 23 delta bounds are as follows:
S7 : mL˜1,2,3 = mE˜1,2,3 = 10000 GeV
µ = 2000 GeV; tanβ = 60
M2 = 2000 GeV;M1 = 1000 GeV (29)
This figure exemplifies in a clear way that for some of the studied scenarios the destructive
interferences can be indeed quite relevant and produce new areas in the (δLR23 , δ
LL
23 ) plane
with relatively large allowed values of both |δLR23 | and |δ
LL
23 | mixings. For instance, the orange
contour which corresponds to the maximum allowed values for scenario S6, leads to allowed
mixings as large as (δLR23 , δ
LL
23 ) ∼ (±0.6,∓0.6). We also learn from this plot, that the relevance
of this δLR23 −δ
LL
23 interference grows in the following order: Scenario S5 (grey contour) that has
the smallest interference effect, then S1, S2, S4, S3 and S6 that has the largest interference
effect. This growing interference effect is seen in the plot as the contour being rotated anti-
clockwise from the most vertical one (S1) to the most inclined one (S6). Furthermore, the
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Figure 9: LFV rates for τ − µ transitions as a function of slepton mixing δLR23 . The corre-
sponding plots for δRL23 , not shown here, are indistinguishable from these.
size of the parameter space bounded by these contours also grows, implying that “more”
parameter combinations are available for these two deltas. It should be noted that, whereas
the existence of the interference effect can be already expected from the simple MIA formulas
of Eqs. (15) and (16), the final found shape of these contours in fig.11 and their quantitative
relevance cannot be explained by these simple formulas. The separation from the MIA
expectations are even larger in the new studied scenario S7, as can be clearly seen in this
figure. The big black contour, centered at zero, contains a rather large allowed area in the
(δLR23 , δ
LL
23 ) plane, allowing values, for instance, of (δ
LR
23 , δ
LL
23 ) ∼ (±0.5,∓0.5). Furthermore,
in this S7 there appear new allowed regions at the upper left and lower right corners of the
plot with extreme allowed values as large as (±0.9,∓0.9). These “extreme” solutions are
only captured by a full one-loop calculation and cannot be explained by the simple MIA
formulas.
We now turn to examples in which more stringent bounds on combinations of two deltas
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Figure 10: LFV rates for τ − µ transitions as a function of slepton mixing δRR23 .
are derived. In particular, we have explored the restrictions that are obtained on the (13,23)
mixing pairs from the present bounds on BR(µ → eγ) and CR(µ − e, nuclei). In figures 12
and 13 we show the results of this analysis for the S1 point. We have only selected the pairs
where we have found improved bounds respect to the previous single delta analysis. From
Fig. 12 we conclude that, for S1, the maximal allowed values by present µ → eγ ((µ − e
conversion)) searches are (given specifically here for equal input deltas):
(|δLL23 |max, |δ
RL
13 |max) = (0.0015, 0.0015) ((0.0062, 0.0062)) (30)
These numbers can be understood as follows: if, for instance, δRL13 = 0.0015 then |δ
LL
23 | <
0.0015. If, on the other hand, one delta goes to zero the bound on the other delta disappears
(from this particular observable). We find equal bounds as in Eq. (30) for: (|δRL23 |max, |δ
LL
13 |max),
(|δLR23 |max, |δ
RR
13 |max) and (|δ
RR
23 |max, |δ
LR
13 |max).
Other pairings of deltas give less stringent bounds than Eq. (30) but still more stringent
than the ones from the single delta analysis. In particular, we get:
(|δLL23 |max, |δ
RR
13 |max) = (0.0073, 0.0073) ((0.031, 0.031)) (31)
23
S1 S2 S3 S4 S5 S6
|δLL12 |max 10× 10
−5 7.5× 10−5 5× 10−5 6× 10−5 42× 10−5 8× 10−5
|δLR12 |max 2× 10
−6 3× 10−6 4× 10−6 3× 10−6 2× 10−6 1.2× 10−5
|δRR12 |max 1.5× 10
−3 1.2× 10−3 1.1× 10−3 1× 10−3 2× 10−3 5.2× 10−3
|δLL13 |max 5× 10
−2 5× 10−2 3× 10−2 3× 10−2 23× 10−2 5× 10−2
|δLR13 |max 2× 10
−2 3× 10−2 4× 10−2 2.5× 10−2 2× 10−2 11× 10−2
|δRR13 |max 5.4× 10
−1 5× 10−1 4.8× 10−1 5.3× 10−1 7.7× 10−1 7.7× 10−1
|δLL23 |max 6× 10
−2 6× 10−2 4× 10−2 4× 10−2 27× 10−2 6× 10−2
|δLR23 |max 2× 10
−2 3× 10−2 4× 10−2 3× 10−2 2× 10−2 12× 10−2
|δRR23 |max 5.7× 10
−1 5.2× 10−1 5× 10−1 5.6× 10−1 8.3× 10−1 8× 10−1
Table 2: Present upper bounds on the slepton mixing parameters |δABij | for the selected
S1-S6 MSSM points defined in Tab. 1. The bounds for |δRLij | are similar to those of |δ
LR
ij |.
And we get equal bounds as in Eq. (31) for: (|δRR23 |max, |δ
LL
13 |max), (|δ
LR
23 |max, |δ
RL
13 |max) and
(|δRL23 |max, |δ
LR
13 |max).
Finally, from Fig. 13 we get:
(|δLL23 |max, |δ
LL
13 |max) = (0.013, 0.013) ((0.056, 0.056)) (32)
and
(|δRR23 |max, |δ
RR
13 |max) = (0.036, 0.036) ((0.16, 0.16)) (33)
We have also studied the implications of the future expected sensitivities in both BR(µ →
eγ) < 10−14 [49] and CR(µ− e,Nuclei) < 2.6× 10−17 [50], which are anticipated from future
searches. From our results in Figs. 12 and 13 we conclude that the previous bounds in
Eqs. (30), (31), (32) and (33) will be improved (for both µ → eγ and µ − e conversion) to
(0.0005, 0.0005), (0.0025, 0.0025), (0.005, 0.005) and (0.01, 0.01), respectively.
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Figure 11: Maximum allowed values of (δLR23 , δ
LL
23 ) in the scenarios S1 (dark blue), S2 (ma-
genta), S3 (light blue), S4 (green), S5 (grey), S6 (orange) and S7 (black). The contourlines
shown correspond to the present experimental upper limit: BR(τ → µγ)max = 4.4 × 10
−8.
For each scenario the allowed deltas are those inside the corresponding contourline.
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Figure 12: Bounds on pairs of slepton mixing parameters of (23,13) type for scenario S1:
a) (δLL23 ,δ
RL
13 ) in first column. Identical plots, not shown here, are found for: (δ
RL
23 ,δ
LL
13 ),
(δLR23 ,δ
RR
13 ), and (δ
RR
23 ,δ
LR
13 ); b) (δ
LL
23 ,δ
RR
13 ) in second column. Identical plots, not shown here,
are found for: (δRR23 ,δ
LL
13 ), (δ
LR
23 ,δ
RL
13 ), and (δ
RL
23 ,δ
LR
13 ). First row: Shaded regions (in green) are
disallowed by the present upper experimental limit on BR(µ→ eγ). Second row: Shaded re-
gions (in orange) are disallowed by the present upper experimental limit on CR(µ−e,Nuclei).
The allowed central areas in white will be shrinked by the future expected sensitivities in
both µ→ eγ and µ−e conversion experimental searches (see text) to the small areas around
the origin delimited by the dotted lines.
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Figure 13: Bounds on pairs of slepton mixing parameters of (23,13) type for scenario S1:
a) (δLL23 ,δ
LL
13 ) in first column; b) (δ
RR
23 ,δ
RR
13 ) in second column. First row: Shaded regions
(in green) are disallowed by BR(µ → eγ). Second row: Shaded regions (in orange) are
disallowed by CR(µ− e,Nuclei). All inputs and explanations are as in Fig. 12.
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4.2 Results in framework 2
The main goal of this part is to investigate how the upper bounds for the slepton mixing deltas
that we have found previously could change for different ranges of the MSSM parameter
space, that go beyond the selected S1-S6 points.
In order to explore the variation of these bounds for different choices in the MSSM
parameter space, we investigate the four qualitatively different pMSSM-4 scenarios (a), (b),
(c) and (d) defined in Eqs. (22), (23), (24) and (25), respectively. As explained above, the
idea is to explore generic scenarios that are compatible with present data, in particular with
the measurement of a Higgs boson mass, which we interpret as the mass of the light CP-even
Higgs boson in the MSSM, and the present experimental measurement of (g − 2)µ. Taking
these experimental results into account, we have re-analyzed the full set of bounds for the
single deltas that are extracted from the most restrictive LFV processes as a function of
the two most relevant parameters in our framework 2: the generic SUSY mass scale mSUSY
(≡ mSUSY−EW) and tan β. In order to findMh around ∼ 125−126 GeV the scale mSUSY−QCD
as well as the trilinear couplings have been chosen to sufficiently high values, see Sect. 3.4.2.
For the analysis in this framework 2, we use the bounds on the radiative decays, lj → liγ
which, as we have already shown, are at present the most restrictive ones in the case of one
single non-vanishing delta. And to simplify the analysis in this part of the work, we use
the mass insertion approximation (MIA) formulas of Eqs. (11) through (14) to evaluate the
BR(lj → liγ) rates. We have checked that these simple MIA formulas provide a sufficiently
accurate estimate of the LFV rates in the case of single deltas, in agreement with Ref. [26].
We present the numerical results of our analysis in framework 2 that are shown in Figs. 14
through 19. Figures 14, 15 and 16 show the bounds for the slepton mixing of 12-type as
extracted from present µ → eγ searches. Figures 17, 18 and 19 show the bounds for the
slepton mixing of 23-type as extracted from present τ → µγ searches. It should be noted
that the bounds for the slepton mixings of 13-type (not shown here) are equal (in the
MIA) to those of 23-type. In each plot we show the resulting contourlines in the (mSUSY,
tanβ) plane of maximum allowed slepton mixing. In addition we also show in each plot the
areas in the pMSSM-4 parameter space for that particular scenario that lead to values
of the lightest Higgs boson mass compatible with LHC data, and at the same time to
predictions of the muon anomalous magnetic moment also compatible with data. As in the
previous framework 1, we use here again FeynHiggs [42] to evaluate Mh and SPHENO [46]
to evaluate (g− 2)µ (where FeynHiggs gives very similar results). The shaded areas in pink
are the regions leading to a (g − 2)SUSYµ prediction, from the SUSY one-loop contributions,
in the allowed by data (3.2, 57.2)×10−10 interval. The interior pink contourline corresponds
to setting (g − 2)SUSYµ exactly at the central value of the discrepancy (g − 2)
exp
µ − (g −
2)SMµ = 30.2× 10
−10. The shaded overimposed areas in blue are the regions leading to a Mh
prediction within the (123, 127) GeV interval. The interior blue contourline corresponds to
the particular Mh = 125 GeV value.
From these plots in the (mSUSY, tanβ) plane one can draw the following conclusions:
1.- For each scenario (a), (b), (c) and (d) one can derive the corresponding upper bound
for each |δABij | at a given (mSUSY, tanβ) point in this plane.
2.- The maximal allowed values of the δLLij ’s and δ
RR
ij ’s scale with mSUSY and tanβ ap-
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proximately as expected, growing with increasing mSUSY as ∼ m
2
SUSY and decreasing
with increasing (large) tanβ as ∼ 1/ tanβ. The maximal allowed values of the δLRij ’s
(and similarly δRLij ’s) are independent on tan β and grow approximately as ∼ mSUSY
with increasing mSUSY. This is in agreement with the qualitative behavior found in
the approximation formulas, Eqs. (15) and (16) of the MIA results in the simplest case
of only one mass scale, mS.
3.- The intersections between the allowed areas by the required (g− 2)µ and Mh intervals
move from the left side, mSUSY ∼ 500−1300 GeV to the right side of the plots,mSUSY ∼
1300 − 2500 GeV from scenarios (a) through (d). This is clearly the consequence of
the fact that (g − 2)µ requires a rather light SUSY-EW sector, i.e. light charginos,
neutralinos and sleptons, and a rather large tan β, and that Mh requires a rather
heavy SUSY squark sector. Here we are using a common reference SUSY scale mSUSY,
relating all the SUSY sparticle masses, both in the SUSY-EW and SUSY-QCD sectors,
leading to this “tension”. (A more lose connection between these two sectors would
yield a more relaxed combination of the (g − 2)µ and Mh experimental results.) In
fact, in our plots one can observe that the particular contourlines for the “prefered”
values of (g − 2)µ and Mh by data (i.e. the interior blue and pink contourlines) only
cross in scenario (b) at mSUSY around 800 GeV and tanβ ∼ 45 and get close, although
not crossing, in scenario (a) at mSUSY ∼ 650 GeV and very large tanβ ∼ 60. However,
taking the uncertainties into account the overlap regions are quite substantial.
4.- By assuming a favored region in the (mSUSY,tan β) parameter space given by the in-
tersect of the two (g− 2)µ (in pink) and Mh (in blue) areas, one can extract improved
bounds for the slepton mixing deltas valid in these intersects. Those bounds give a
rough idea of which parameter regions in the pMSSM-4 are in better agreement with
the experimental data on (g − 2)µ and Mh. The following intervals for the maximum
allowed |δABij | values can be deduced from our plots in these intersecting regions:
Scenario (a):
|δLL12 |max ∼ (6, 60)× 10
−5
|δLR12 |max ∼ (1.2, 3.2)× 10
−6
|δRR12 |max ∼ (3, 25)× 10
−3
|δLL23 |max ∼ (3, 35)× 10
−2
|δLR23 |max ∼ (1, 3.2)× 10
−2
|δRR23 |max ∼ (10)× 10
−1
Scenario (b):
|δLL12 |max ∼ (1.5, 27)× 10
−5
|δLR12 |max ∼ (3, 9.2)× 10
−6
|δRR12 |max ∼ (0.35, 7)× 10
−3
|δLL23 |max ∼ (0.7, 15)× 10
−2
|δLR23 |max ∼ (3, 9.5)× 10
−2
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|δRR23 |max ∼ (2, 10)× 10
−1
Scenario (c):
|δLL12 |max ∼ (5, 22)× 10
−5
|δLR12 |max ∼ (5, 22)× 10
−6
|δRR12 |max ∼ (1.2, 10)× 10
−3
|δLL23 |max ∼ (3, 15)× 10
−2
|δLR23 |max ∼ (5, 22)× 10
−2
|δRR23 |max ∼ (6, 10)× 10
−1
Scenario (d):
|δLL12 |max ∼ (10, 30)× 10
−5
|δLR12 |max ∼ (5, 9)× 10
−6
|δRR12 |max ∼ (1.2, 4)× 10
−3
|δLL23 |max ∼ (5, 20)× 10
−2
|δLR23 |max ∼ (5, 9.5)× 10
−2
|δRR23 |max ∼ (7, 10)× 10
−1
It should be noted that in the previous upper bounds, the particular 10 × 10−1 value
appearing in |δRR23 |max really means 1 or larger that 1, since we have not explored out of the
−1 ≤ δABij ≤ 1 intervals. Particularly, in scenario (a) which has the heaviest gauginos, we
find that all values in the −1 ≤ δRR23 ≤ 1 interval are allowed by LFV data.
Finally, one can shortly summarize the previous |δABij |max intervals found from LFV
searches, by just signaling the typical intervals for each delta, in the favored by LHC
and (g − 2)µ data MSSM parameter space region, where the predictions in all scenarios
lay at: |δLL12 |max ∼ O(10
−5, 10−4), |δLR12 |max ∼ O(10
−6, 10−5), |δRR12 |max ∼ O(10
−3, 10−2),
|δLL23 |max ∼ O(10
−2, 10−1), |δLR23 |max ∼ O(10
−2, 10−1), |δRR23 |max ∼ O(10
−1, 100). Very similar
general bounds as for the 23 mixing are found for the 13 mixing.
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Figure 14: Contourlines in the (mSUSY, tanβ) plane of maximum slepton mixing |δ
LL
12 |max
that are allowed by LFV searches in µ → eγ for scenarios (a), (b), (c) and (d) of our
framework 2, defined in section 3.4.2. The shaded areas in pink are the regions leading to
a (g − 2)SUSYµ prediction in the (3.2, 57.2) × 10
−10 interval. The interior pink contourline
(without number) corresponds to setting (g − 2)SUSYµ exactly at the central value of the
discrepancy (g − 2)expµ − (g − 2)
SM
µ = 30.2 × 10
−10 . The shaded overimposed areas in blue
are the regions leading to a Mh prediction within the (123, 127) GeV interval. The interior
blue contourline (without number) corresponds to the particular Mh = 125 GeV value.
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Figure 15: Contourlines in the (mSUSY, tanβ) plane of maximum slepton mixing |δ
LR
12 |max
that are allowed by LFV searches in µ→ eγ. All inputs and explanations are as in Fig. 14.
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Figure 16: Contourlines in the (mSUSY, tan β) plane of maximum slepton mixing |δ
RR
12 |max
that are allowed by LFV searches in µ→ eγ. All inputs and explanations are as in Fig. 14.
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Figure 17: Contourlines in the (mSUSY, tanβ) plane of maximum slepton mixing |δ
LL
23 |max
that are allowed by LFV searches in τ → µγ. All inputs and explanations are as in Fig. 14.
Similar results/plots (not shown) are obtained for contourlines of maximum slepton mixing
|δLL13 |max that are allowed by LFV searches in τ → eγ.
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Figure 18: Contourlines in the (mSUSY, tanβ) plane of maximum slepton mixing |δ
LR
23 |max
that are allowed by LFV searches in τ → µγ. All inputs and explanations are as in Fig. 14.
Similar results/plots (not shown) are obtained for contourlines of maximum slepton mixing
|δLR13 |max that are allowed by LFV searches in τ → eγ.
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Figure 19: Contourlines in the (mSUSY, tan β) plane of maximum slepton mixing |δ
RR
23 |max
that are allowed by LFV searches in τ → µγ. All inputs and explanations are as in Fig. 14.
Notice that only contourlines with |δRR23 |max ≤ 1 are included. In the scenario (a) the
countourlines with |δRR23 |max ≤ 1 are out of the region in the parameter space shown in this
figure. Similar results/plots (not shown) are obtained for contourlines of maximum slepton
mixing |δRR13 |max that are allowed by LFV searches in τ → eγ.
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5 Conclusions
We presented an up-to-date comparison of the most recent experimental limits on LFV
observables and their predictions within the MSSM. The LFV observables include BR(µ→
eγ) (in particular including the latest MEG results), BR(τ → µγ), BR(τ → eγ), BR(µ →
3e), BR(τ → 3µ), BR(τ → 3e), BR(τ → µη), BR(τ → eη) and CR(µ − e, nuclei). Within
the MSSM the calculations were performed at the full one-loop level with the full (s)lepton
flavor structure, i.e. not relying on the mass insertion or other approximations. The results
have been combined into a Fortran code allowing for a fast joint evaluation. For convenience
we also summarized the relevant approximation formulas which have been shown to be valid
for not too large values of the LFV parameters, which are given as δABij with A,B = L,R
and i, j = 1, 2, 3.
In the first part we analyzed six representative scenarios which are in agreement with
current bounds on the SUSY and Higgs searches at the LHC. We derived the most up-to-
date bounds on δABij within these six scenarios, thus giving an idea of the overall size of
these parameters taking the latest experimental bounds into account. As shown in previous
analyses, the observables BR(li → ljγ) continue to give the most stringent constraints on
δABij for all A,B = L,R. Apart from bounds on single δ
AB
ij ’s we also derived bounds on two
parameters simultaneously, and studied where either a positive or a negative interference of
the two δ’s can be observed. As a prime example, in the case of mixings of 23 type, we
found that due to a negative interference, values of |δLL,LR23 | as large as |δ
LL,LR
23 | ≈ 0.5 are
allowed in our scenarios S1 to S6 from BR(τ → µγ) when the two δ’s are allowed to vary
simultaneously. On the other hand, we also found that a relevant positive interference can
be observed when δ’s of different generation combinations are combined. In particular, we
have found important restrictions from µ→ eγ and µ−e conversion to several delta pairings
of the (23,13) type which are more stringent than the ones from the single delta analysis.
In the second part we analyzed four different two-dimensional scenarios, which are char-
acterized by universal scales for the SUSY electroweak scale, mSUSY−EW, that determines
the masses of the scalar leptons, and for the SUSY QCD scale, mSUSY−QCD, that de-
termines the masses of the scalar quarks. As additional free parameters we kept µ and
tanβ, thus we are investigating a special version of the pMSSM-4. Within this simplified
model it is possible to analyze the behavior of the LFV observables with respect to the
latest experimental results of the measurement of the lightest MSSM Higgs boson mass,
Mh, and the anomalous magnetic moment of the muon, (g − 2)µ. Fixing the relation
between the masses in the gaugino/higgsino sector and mSUSY−EW, mSUSY−QCD, we ob-
tained results for the overall behavior of the general size of limits on the δABij , which are
in agreement with the experimental results for Mh and (g − 2)µ. In this way a general
idea of the upper bounds on the deltas in these more general scenarios can be obtained.
We find |δLL12 |max ∼ O(10
−5, 10−4), |δLR12 |max ∼ O(10
−6, 10−5), |δRR12 |max ∼ O(10
−3, 10−2),
|δLL23 |max ∼ O(10
−2, 10−1), |δLR23 |max ∼ O(10
−2, 10−1), |δRR23 |max ∼ O(10
−1, 100), with very
similar general bounds for the 13 mixing as for the 23 mixing.
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